Background & objective: Noncommunicable Disease (NCD) risk factors are on the rise and often linked to the adoption of modern lifestyles. This study explores NCD risk factors in a rapidly modernising indigenous population in Kerala, the Kani tribe. Methods: A representative sample of 298 adults of the Kani tribe in Thiruvananthapuram district was studied using the WHO stepwise framework for surveillance of NCD risk factors. Descriptive, bivariate and multivariable analysis were done using the R statistical package. Results: Prevalence of hypertension (48.3%), use of tobacco (81.5%) and alcohol consumption (36.2%) were found to be higher in the Kani tribe compared to the general population in Kerala. Abdominal obesity (22.1%) is found to be higher in Kani tribes compared to other tribal groups in India. The physical inactivity level (9.7%) was similar to urban Kerala and higher than many other tribes in India. Hypertension was scientifically associated (p < 0.05) with higher age, male sex, low education levels, and tobacco intake among them. On multivariable analysis, age and alcohol consumption were found to be the prominent risk factors for hypertension and high education level was found to be a protective factor. Conclusion: The major modifiable NCD risk factors were found to be higher among the people of the Kani tribe compared to the general population in Kerala. Physical inactivity level was comparable to urban Kerala, and obesity rates were higher than many other tribal communities in India. The findings warrants targeted action in these vulnerable communities for effective control of the noncommunicable epidemic.
Introduction
Noncommunicable diseases (NCDs) have surpassed communicable diseases in the global prevalence in the last decade. 1 NCDs kill more than 36 million people every year globally; 80% of these deaths occur in low and middle-income countries. Many such deaths are premature, occurring before 70 years of age and potentially preventable.
2,3
Kinra et al 4 had demonstrated that NCD rates are steadily increasing even in the rural areas of India, and had become the leading cause of death by 2010. There is increasing evidence that marginalized groups are more at risk of NCDs as they have limited access to health services, more exposed to harmful addictions like tobacco and unhealthy diet. 2 Tribal population in India have high rates of hypertension and other risk factors of NCD. [5] [6] [7] [8] Kerala has the highest rates of NCD risk factors in India, as reported by Thankappan et.al 9 Tribal people, that form only 1.5% of Kerala population (Census 2011) is the most disadvantaged group in Kerala. Among the prominent tribes, the Kanikaran tribe is the most literate and 'progressive', keen to adopt modern gadgets, high-risk behaviors, unhealthy diet, etc. 10, 11 This exploration of NCD risk factors among them would help to understand the mounting problem of NCD among the tribal population in Kerala.
Objective
The primary objective was to assess the prevalence of NCD risk factors among the Kani tribe in Thiruvananthapuram district, Kerala. The secondary objective was to assess determinants of hypertension in this population.
Materials and methods
The Kani tribe belongs to a traditional nomadic community, who now lead a primarily settled life in the forests of the Agasthymalai hills of the Western Ghats in Thiruvananthapuram district of Kerala. 12 As per the Census 2011, 90% of the total population of 21,251 Kani tribe lives in Thiruvananthapuram district, mostly in the rural and forest areas. We have selected the Vithura Panchayath, which has the highest proportion of this tribe in Thiruvananthapuram (ITDP, 2008) . Vithura Panchayath has 3908 people of Kani tribe, residing in 67 settlements and each settlement on an average has 25 households each (ITDP, 2008) . The rate of hypertension (40%) from a previous study 13 was used for sample size calculation, with the precision of 8% and a design effect of 2 and it was estimated to be 289 which was rounded up to 300, to account for potential non-response. The settlements were taken as cluster units, and from the 67 Kani settlements in Vithura Panchayath, 12 were randomly selected. The distribution of selected Kani settlements is shown in Fig. 1 . One adult, in the age group of 25-64 years, each from all the households in the selected settlements were enrolled in the study. KISH table was used to select an individual from within the household and to ensure equal numbers of males and females. Data collection was done during June to October 2014. A structured interview schedule, based on the WHO Stepwise approach for surveillance of NCD risk factors Version 3.0 was used for the study. In addition to the questions in the core and expended questionnaires of WHO Step 1 &2 sections, like tobacco use, alcohol use, fruit and vegetable consumption, physical inactivity, etc. we had incorporated more questions on demography and socioeconomic status. The interviews were done in Malayalam, and the measurements as prescribed in the WHO Step 2 (height, weight, waist circumference, blood pressure, etc.) were done by the primary author herself, who is a qualified medical nurse.
The standard operating procedures, as prescribed by WHO Stepwise strategy were strictly adhered, for taking the measurements. Blood pressure (BP) measurements were taken using OMRON digital sphygmomanometer (OMRON HEM 7203). Three readings of BP were taken and the average of the second and third reading was taken for analysis. We used TYLON nonstretchable height measuring tape (Stanley 130656) with accuracy one millimetre to measure the height, as taking stadiometer into the tribal settlements was not logistically feasible. Weight was measured using SECA 813 Electronic Flat weighing scale with an accuracy of 100 g. Waist circumference was measured using SECA constant tension tape (SECA 201) with an accuracy of one millimetre.
Ethical clearance
Ethical clearance was obtained from the Institutional Ethics Committee, Sree Chitra Tirunal Institute for Medical Sciences and Technology, Thiruvananthapuram (IEC RegnNo.ECR/189/Inst/KL/ 2013). Informed written consent was obtained from the participants before the start of the interview. Participation in the study was voluntary. The subject had the freedom to refuse to answer questions or opt out of the study at any stage of the research.
Statistical procedures
Data entry was done on EpiData Entry Client (version 3.2) and analysis was done using the R project -version 3.4.1(R Foundation for Statistical Computing, Vienna, Austria). 14, 15 The survey package in R project was used to select the survey design for one stage cluster sampling to get robust estimates of confidence intervals. The Chi-square test was used for analysing the statistical significance of hypertension (the leading NCD risk factor which was used to estimate the sample size for the study) and logistic regression was used to estimate the strengths of associations, considering a significance level at p < 0.05. The adjusted odds ratios were estimated using logistic regression analysis in the survey package in R project. This allowed the clustering effect due to the sampling procedure to be adjusted for using robust standard errors. Age group, sex, socioeconomic status, education level, current tobacco smoking, current alcohol intake, overweight and physical activity grouping were included in the original model, which were eliminated in a backward stepwise manner using Wald test. Only three parameters, namely age group, education status and current alcohol use were retained in the final model and the Pseudo R 2 equivalent estimation by the McFadden statistic of the model was12.4%. 
Definitions used

Results
Out of 311 selected study subjects contacted, 300 consented to participate in the study with a response rate of 96.4%. The nonresponders were not different from the study subjects in their demographic characteristics. Two subjects were found to be outliers and were excluded from the general analysis as their anthropometric parameters (weight and height) and blood pressure were higher by more than two standard deviations from the rest. The mean age of the study participants was 42.2 years with SD 11.48. The socio-demographic profile of the study subjects is given in Table 1 .
Men were mostly involved in unorganized labor works (29.5%) and rubber tree-tapping (7.4%). Women were mostly engaged in homemaking (25.17%). The prevalence of non-communicable disease risk factors (STEP 1 and STEP 2) among the Kani tribe are given in Table 2 .
Prevalence of hypertension among the people of Kani tribe was 48.3%, but still, only a small proportion (7.4%) was on any form of treatment, either allopathic medicine or herbal medicine, for hypertension. Only 19.1% of the participants were aware of their hypertension status. The rate of abdominal obesity as estimated using the Asian criteria 16 was 22.1% and the rate of overweight was 10.7% (Table. 2) Majority were physically active (77.2%) and the mean duration of sedentary behavior, as estimated by the time duration spent sitting or reclining on a typical day was around 5 h (4:52:11). None of the 298 people consumes five servings of fruits and vegetables per day. The majority (81.5%) uses tobacco, either in smoking or smokeless forms. (Table. 2) More men use smoking forms of tobacco (69.1%), mainly beedi, compared to women (6.7%) whereas use of non-smoking forms of tobacco was higher among women (81.9%) compared to men (69.8%). There was no significant difference between males and females in the use of smokeless forms of tobacco. It was found that 30.4% (N = 34) started their tobacco smoking habit before 18 years and 23.1% (N = 52) started their smokeless tobacco use before 18 years.
The alcohol consumption rate was 36.2%, more among men (66.4%) compared to women (6%) and they were accustomed to modern forms like brandy, rum and beer. Further detailed analysis was restricted to hypertension (Table 3) .
In bivariate analysis, the risk for hypertension was found to be higher among the older age group, male sex, alcohol/tobacco users and those who were overweight. A protective effect was found in better education and socioeconomic status. Many of these associations were statistically significant (Table 3) . However, on multivariable logistic regression, the higher age group and alcohol consumption were found to be significant risk factors for hypertension and higher levels of education as a significant protective factor (Table 3 ).
Discussion
This is the first time that the WHO step-wise approach was used to estimate NCD risk factors among tribal population in Kerala. Equal numbers of men and women were enrolled in the study, and the response rate was very good (96.4%). Most of the studied Kani settlements were situated in difficult to access areas with mountains and steep terrain and often the researcher had to wait for men to return from their workplace to interview them.
Though Kani tribe is one of the most advanced and literate tribes in Kerala, only 11.4% had the education above high school level, and 13.1% has no formal education (Table 1) . It seems there is an apparent shift from food crops to cash crops among the Kani tribe. Earlier they were mainly engaged in agriculture and traditional handicrafts ("Eera" works) for their livelihood. Now the proportion of farmers and "Eera" workers have come down to 4.0% and 1.3%, respectively indicating a rapid lifestyle change. Most men are daily wage laborers and often undertake rubber tapping for their livelihood.
Tobacco and alcohol consumption were found to be higher in the study subjects. Lack of health infrastructure, poor budget allocation, poor access to a health facility, shortage of qualified health workers and poverty exerted more pressure on the tribes in India to ignore their health problems. 17 The rate of current tobacco use among this tribal population was 81.5%; higher than the reported figures for the rural (24.3%), urban (22.6%) and even the slum population (37.3%) in Kerala. 9 The overall rate of tobacco smoking (37.9%) and smoking rate among men (69.1%) were higher than the corresponding rates of (22.6%) and (47.9%) in the tribal district of Kinnaur of Himachal Pradesh. 18 As in the general population, smoking was more among men than women. In a nutshell, the prevalence of tobacco smoking among this tribal group was much higher than the non-tribal population in India.
The prevalence of smokeless tobacco use was 75.8%, much higher than the national average (38%) 19 and similar to the prevalence among the Mishing tribe of Assam (78.9%). 20 Among the Kani tribe, smokeless tobacco use was higher among both men (69.8%) and women (81.9%) compared to the NFHS-3 data (37% among men and 80% among women). 19 It is worth noting that among those who consume tobacco products, one third started their smoking habit and a quarter started their tobacco chewing habit much before attaining the legal age for purchase of tobacco products in India, which is 18 years. The prevalence of current alcohol consumption among the Kani tribe was 36.2%, which is slightly higher than the national prevalence (32%). 19 Prevalence is much higher than rural, urban or slum population of Kerala and tribal districts of Kiannur of Himachal Pradesh. 9, 18 Among the Kani tribes, prevalence of alcohol consumption among men and women were markedly higher than the general population of Kerala. 9 Fruits and vegetable intake among these tribes were much less when compared to the slum population in Kerala. 9 Anecdotal evidence shows that the shift from food crops to cash crops and lack of vegetable cultivation due to the scare of wild animals restrict their intake of fruits and vegetables. A significant proportion, mainly menfolk, still indulge in strenuous physical activity compared to the general population of Kerala. 9 However the low physical activity rate of 9.7% among the study subjects was comparable to the rate of urban population of Kerala (9.5%), 9 this is higher than the rural and slum populations of Kerala 9 and that of the tribes of Assam. 20 However, it was lower compared to the sedentary habits of tribal district of Himachal Pradesh (34.5%). 18 It is heartening to see that overall physical activity was still high among the Kani tribe. Prevalence of abdominal obesity among the Kani tribe (22.1%) is almost double when compared to Mishing tribes of Assam (11.4%) 20 and very high when compared to the tribal population of the hilly district of Himachal Pradesh (8.8%). 18 It is much less compared to urban (41.9%), rural (33.9%) and slum population (42.4%) of Kerala. 9 This may be because of high levels of physical activity among them. The prevalence of overweight among the Kani tribe was 10.8%, which is lower than Mishing tribe from Assam 20 and tribal district of Himachal Pradesh. 18 As seen in the general population, the prevalence of abdominal obesity and overweight were higher among women compared to men in this tribal community. 21 The z Adjusted Odds ratio was done using logistic regression analysis in the survey package in R project, which is adjusted for the cluster sampling design. Age group, sex, socioeconomic status, education level, current tobacco smoking, current alcohol intake, overweight and physical activity grouping were included in the original model, which were eliminated in a backward stepwise manner using Wald test. The Pseudo R 2 estimation by the McFadden statistic of the model is 12.4%.
higher rate of underweight (16.8%) among the Kani tribe compared to the general population in Kerala could be a reflection of their backwardness within the state. 22 The prevalence of hypertension among the Kani tribe was much higher than the primitive tribes of Kerala (40%), 13 Assam (25.6%) 20 and Himachal Pradesh (19.7%). 18 The prevalence was closer to the urban population of Kabul City, Afghanistan (46%). 23 Prevalence of hypertension was much higher when compared to rural, urban and slum population of Kerala. 9 However, the prevalence of hypertension among the Kani tribe was less when compared to the reported figures for elderly population of Langia Saora, one of the primitive tribes of Orissa. 24 In bivariate analysis, male sex, higher age and the habit of tobacco consumption are found to have higher odds of getting hypertension, whereas higher education and better socioeconomic status were found to be protective factors. These findings show a reversal of the social gradient for hypertension in the Kani tribe as it was found in other populations. [25] [26] [27] This is further reiterated in multivariable logistic regression analysis, which clearly lists out higher age and alcohol consumption as the prominent risk factors and higher levels of education as a protective factor. Similar findings were observed in the general population of Kerala in earlier studies. 9 Awareness, treatment and control status of hypertension was much less among the Kani tribe when compared to the general population of Kerala 9 and the tribal population of Himachal Pradesh. 18 The Kani tribe has a rich traditional knowledge of medicinal plants; have many home remedies to manage common ailments, and herbal medicine is their preferred choice of treatment even in present times. [28] [29] [30] Unfortunately, there is no formal transfer of their traditional knowledge of medicinal herbs to the next generation now. Their levels of awareness of hypertension were deficient, despite the availability of radios and television sets in many settlements. They have many hurdles to use modern health system, due to difficulty in physical and social access, increased waiting time at the clinic, non-availability of medicines and inadequate facilities in the primary health center (PHC) and the high cost of transportation. So these people are left without their herbal medicine nor the modern medicine to manage the epidemic of NCD risk factors, mainly due to their social and economic backwardness. 31, 32 There is an urgent need for the health sector to take appropriate action to safeguard their health. This study used self-reported information on diet and physical activity and that might have resulted in an overestimation of the results. The occupational categories in the WHO questionnaire were not sufficient to capture Kani tribe's vocational activities. Also, we might have missed many contextual complexities because of the quantitative nature of the study.
Conclusion
The Kani tribes in Thiruvananthapuram were found to have higher prevalence of major modifiable NCD risk factors like hypertension, tobacco use, alcohol use and inadequate fruits and vegetable intake compared to the general population. Physical inactivity level was comparable to urban Kerala, and obesity rates were higher than many other tribal communities in India. This could be a reflection of the fast adoption of modern lifestyle among the Kani tribe.
